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Description 

The invention relates to a method and apparatus 
for counting articles as indicated in the precharacter- 
izing parts of claims 1 and 24. 

Modern day manufacturing plants, process, 
treat, inspect, segregate, transport and otherwise 
handle articles or objects at extremely high speeds. 
Many such applications require the reliable detection 
and counting of relatively fast moving objects. For ex- 
ample, newspaper publishing plants typically deliver 
signatures to the mail room at the rate of 80,000 per 
hour or more, for purposes of being formed into sig- 
nature bundles of an accurate, predetermined count, 
which bundles are then wrapped or tied and delivered 
to various locations for sale or subsequent delivery. 
Many of the articles have distinctive profiles that may 
be used for detection purposes. In the present exam- 
ple, the signatures are typically delivered in an over- 
lapping stream with folded edges forward. The folded 
forward edges have typically been utilized for count- 
ing and stacking purposes. Counters of the mechan- 
ical or optical type are employed for counting articles, 
such as signatures in the stream by simply and accu- 
rately identifying the passage of the folded forward 
edge or the nose of a signature. However, mechanical 
signature counters have the disadvantage of wearing 
after prolonged use. Optical systems have become 
degraded due to the accumulation of dust or dirt on 
the optical components. 

It is therefore desirable to provide a method and 
apparatus for detecting and counting which does not 
experience wearing suffered by mechanical counter 
and/or which becomes degrade due to accumulation 
of foreign matter upon the sensing elements as is the 
case with counters of the optical type. 

A prior art apparatus as indicated in the p rechar- 
acterizing part of claim 1 is disclosed in US-A- 
3,813,522. In this prior art, the sensing means uses 
an air jet which creates a low pressure signal within a 
tube for transmitting pressurized air. The signal has 
a frequency characteristic which may be varied by the 
passage of the articles to be counted. Pressure vari- 
ations within the tube are sensed by an audio-respon- 
sive sensing element, for example, a carbon micro- 
phone which is mounted in a bore which is provided 
at the upper end of the tube transmitting the pressu- 
rized air jet toward the conveyed articles to be count- 
ed. The sensing element senses either a shift in fre- 
quency or a change in amplitude of the air pressure 
reflected by the articles. 

In another prior art apparatus as disclosed in US- 
A-3,589,599, sheets of paper, cardboard or the like 
material are counted when feeding successive sheets 
along a line of movement in overlapped condition. 
The apparatus comprises an air jet nozzle directing 
an air jet at an oblique angle to the feeding direction 
of the sheets. Associated with the air jet nozzle is a 



device which measures the pressure differences aris- 
ing during the passage of frontal or leading sheet 
edges through the path of the air jet The measured 
pressure differences are converted into electrical 

s pulses for actuating counting means. 

It is the object of the invention to provide an im- 
proved method and apparatus for detecting and 
counting signatures capable of discriminating be- 
tween distinctive profiles of the articles. 

10 This object is solved by the features as claimed 
in the characterizing parts of claims 1 and 24. 

In accordance with the invention, a signal is gen- 
erated which varies in accordance with the sound 
waves generated by the interaction; and the articles 

15 are counted in accordance with the variations of am- 
plitude in a signal which is generated by selecting a 
plurality of frequencies corresponding to frequencies 
of the sensed interaction wherein the amplitude of 
said generated signal varies with the amplitudes of 

20 the selected frequencies. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1,1b and 1c respectively show side and 
25 end views of a sensor head assembly designed in ac- 
cordance with the preferred embodiments of the in- 
vention. 

Figure 2 shows a simplified block diagram of the 
elctrical system utilized for analyzing the acoustic sig- 
30 nal detected by the sensor of Figures 1a to 1c, in ac- 
cordance with a preferred embodiment of the inven- 
tion. 

Figures 3a and 3b show portions of the block di- 
agram of Figure 2 in greater detail and in schematic 
35 form. 

Figure 4 shows a simplified block diagram of the 
post front end processing circuit for processing the 
signals developed by the front end circuit of Figure 2, 
in accordance with a preferred embodiment of the 
40 present invention; 

Figure 5 shows a detailed schematic diagram of 
the post front end processing circuit of Figure 4; 

Figure 6 shows a block diagram of an another 
preferred embodiment of a processing circuit of the 
45 present invention; and 

Figures 7a, 7b and 7c show a signature stream 
and waveforms useful in describing the operation of 
the preferred embodiment of the present invention. 

so DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Figures 1a to 1c show side and end views of a 
sensor head assembly 20 embodying the principles of 
55 the present invention. The sensor head assembly is 
utilized within a conveyor system comprised of a plur- 
ality of top belts 11 and 12 engaging rollers 13 and 14 
only portions of which have been shown in Figure 1a 
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for purposes of simplicity. 

Bottom belts 15 and 16 cooperate with top belts 
11 and 12 respectively for receiving signatures there- 
between and advancing said signatures to a utiliza- 
tion device. It should be understood that the conveyor 5 
arrangement of Figure la is highly simplified, such 
conveyor arrangements being well known in the art 
The sensor assembly 20 of the present invention is 
typically arranged within the infeed section of a sig- 
nature stacker having cooperating sets of top and w 
bottom belts for receiving the signatures from a press 
conveyor and delivering the signatures toward the 
signature supports of a stacking section in the stack 
for accumulating a predetermined number of signa- 
tures for each stack. It should be understood that the 1 5 
sensor assembly of the present invention may be em- 
ployed in other types of signature stacker and/or any 
processing or conveying apparatus, or signature con- 
veying means, in which it is desired to sense and/or 
count signatures as the case may be. 20 

The sensor assembly 20 is positioned between 
the facing inner ends 13a and 14a of rollers 13and 14 
and is comprised of a substantially L-shaped bracket 
21 having a horizontally aligned arm 21a secured to 
a stationary member F by fasteners 22, said support 25 
member F being secured to or forming part of the 
main frame of the signature stacker or other signature 
conveyor means. 

A supporting block 22 is secured to the lower end 
of downwardly depending arm 21 b by suitably fasten- 30 
ing means (not shown) and has a substantially J- 
shaped configuration when viewed as shown in Fig- 
ure 1b. A narrow elongated horizontally aligned bore 
23a communicates with an L-shaped coupling 24 hav- 
ing its left-hand end secured to the right-hand end of 35 
bore 23a for coupling a regulated air supply to bore 
23a by way of air supply conduit 24a which is retained 
against the right side of arm 21 b by hold-down clamps 
24b. 

A diagonally aligned short bore portion 23b in 40 
block 23 communicates with bore 23a and is adapted 
to receive a nozzle 25 fitted into large diameter bore 
23c which communicates with bore 23b. The nozzle 
25 is arranged so that its center line, represented by 
phantom line 26 shown in Figure 1a, is diagonally 45 
aligned relative to the horizontal direction, i.e. relative 
to top and bottom belts 11, 12 and 15, 16. In the pre- 
ferred embodiment, the longitudinal axis 26 of the 
nozzle forms an angle of the order of 25 degrees with 
the vertical. 50 

A plurality of microphones 27, 28, 29 and 30 are 
arranged to lie upon an imaginary circle at equi- 
spaced intervals about nozzle 25 as shown best in 
Figure Ic and are electrically coupled into the process- 
ing circuitry, as will be more fully described. The use 55 
of four microphones enhances the directional charac- 
teristics and hence the sensitivity of the sensor head 
to the detection of signautes as opposed to ambient 



noise. Channels 23d and 23e in block 23 are provided 
for receiving the electrical wiring 32, 33 utilized for 
electrically connecting the microphones 27 through 
30 with the processing circuitry. These channels are 
preferably covered with a suitable sealing material af- 
ter assembly. The electrical wires 32 and 33 extend 
upwardly through a diagonally aligned wiring duct 23f 
which communicates with a horizontally aligned wir- 
ing duct 23g which in turn communicates with a vert- 
ically aligned wiring duct 23h whose upper end re- 
ceives an electrical connector 34 secured to an upper 
face of support 23 by fasteners 35. A cooperating cou- 
pling connector (not shown for purposes of simplicity) 
electrically couples the microphones 27 through 30 
through wiring 36 for connection with the processing 
circuitry which is preferably located remote from the 
signature conveyor of Figure 1a. 

In order to enhance the effectiveness of sensor 
head 20 and reduce the effect of ambient noise, the 
hollow interior of rollers 13 and 14 are filled at their 
ends 13a and 14a with a suitable acoustic dampening 
material as shown in dotted fashion at 37 and 38. 

The diagonal alignment of the pressurized air 
stream developed by nozzle 25 prevents the air 
stream from striking the bottom belts, such as, for ex- 
ample, belt 16, in the absence of a signature stream 
in order to prevent the interaction of the air stream 
with the bottom belt from being erroneously detected 
as indicated a "paper" state. 

The bottom surface of the support member 23 is 
provided with diaonally aligned trailing and leading 
surfaces. Hie leading surface 23j (note the direction 
of stream flow shown in Figure 1b) guides the signa- 
tures beneath the bottom surface 23k, through which 
the pressurized air stream exists. 

As was mentioned hereinabove, and as will be 
described in further detailed here in below, the micro- 
phones are arranged as an array physically. Physical- 
ly, the microphones 27, 29 are located along an im- 
aginary diameter as are the microphones 28, 30. All 
of the microphones 27 through 30 arranged at equi- 
s paced intervals about an imaginary circle whose 
center coincides with the longitudinal axis 26 of noz- 
zle 25. 

In the actual reduction to practice of the descri- 
bed embodiment, favorable results were achieved 
with the following parameters. In order to reduce "self 
noise", i.e. the noise created by pressurized air pass- 
ing through the nozzle with no paper present, the bore 
length of the nozzle is selected to be between 1.25 
and 2.54 cm (0.5 and 1 inches) and is preferably a 
length of the order of 2.3 cm (0.9 inches). The bore di- 
ameter lies in a range from 0.08 to 0.13 cm (.03 to .05 
inches) and is preferably of the order of 0.11 cm 
(0.042 inches). 

The nozzle pressure has been selected to be of 
a pressure magnitude sufficient to provide an ad- 
quate acoustic signal and yet not too large in magni- 
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tude as to create high nozzle "self moise". The pres- 
sure range lies between 1,4 and 3,5 bar (20 and 50 
psi) and preferably in the range from 2,1 to 2,8 bar (30 
to 40 psi). The separation between the nozzle and the 
signature surface is preferably selected to avoid ex- s 
cessrvely strong reflection of the pressurized air 
stream off the paper which makes it difficult to detect 
edges and also to prevent generation of a signal 
which is too weak to reflect off the paper causing the 
"paper* condition appear to be very similar to the 10 
"space" condition i.e. the condition when no signa- 
tures are present The spacing between the bottom 
surface 23k of block 23 and the top surface of the sig- N 
nature stream is preferably in the range from 0.64 to 
3.8 cm (0.25 to 1 .5 inches) with the preferred sensor 1 5 
to paper distance being of the order of 1 .14 cm (0.45 
inches) from the top surface of the signature to the 
surface 23k of block 23. The outlet end of nozzle 25 
in the preferred embodiment is preferably substantial- 
ly flush with surface 23k. 20 

The range of paper speed over which the counter 
is capable of operating is from 0 to 137 m (450 feet) 
per minute. An increase in the delivery rate of the sig- 
nature stream tends to reduce signal amplitude of the 
acoustic signal. Although the above parameters pro- 25 
vide favorable results when detecting and counting 
signatures, it is anticipated that other parameters in- 
cluding nozzle dimension, pressure, and spacing may 
be required for other articles. 

Figure 2 shows a simplified block diagram of the 30 
front end electronics 50 and is comprised, for exma- 7 
pie, of microphones 27 and 29 electrically connected 
to summing circuit 53 by preamplifiers 51 and 52. It 
should be understood that the outputs of all four mi- 
crophones 27 through 30 may be summed, the exam- 35 
pie given herein being merely for purposes of simpli- 
city. The summed output is applied to gain control cir- 
cuit 54 and I i miter 55 for gain control, filtering and lim- 
iting. The output of limrter 55 is applied to automatic 
gain control circuit 56 for regulating the gain of gain 40 
control amplifier stage 54. The output of limrter 55 is 
coupled in common to an eight (8) band spectral ana- 
lyzer 57 each band 58 through 65 respectively con- 
taining a band pass filter 58a through 65a and an 
RMS- DC converter circuit 58b through 65b. 45 

The outputs of each of the bands 58 through 65 
are coupled to a summing circuit 71 forming part of the 
post front end processing circuit 70 shown in block di- 
agram form in Figure 4. The output of summing circuit 
71 is coupled through amplifier 72 which amplifies so 
the output of summing circuit 71 and couples the am- 
plified output to three circuit paths 73a, 73b and 73c. 
The circuit path 73b couples the averaged signal to 
low-pass filter 74 for developing a signal at the output 
of filter 74 representative of the average paper level. 55 
The average paper level represents the signal level 
(i.e. "paper*) when the portion of the signature be- 
tween its leading and trailing edges is passing be- 



neath the acoustic detector 27 through 30. The aver- 
age paper level signal is applied to threshold gener- 
ating stages 75 and 76 which develop "edge" and 
"space" threshold levels respectively, which levels 
are coupled to decision circuit 77 which is comprised 
of comparators as will be more fully described for dy- 
namically determining the state of the signature 
stream, as will be more fully described. 

Branch circuit path 73a contains a difference cir- 
cuit 78 which receives the summed output of the 
spectral analyzer 57 and subtracts therefrom the 
average paper level. The difference is applied to rec- 
tifier circuit 79 and matched filter 80, the output signal 
of which is utilized by decision circuit 77 for compar- 
ison with the edge threshold level to detect the pres- 
ence of edges. 

Circuit path 73c couples the summed output from 
spectral analyzer 58 through matched filter 81 to ap- 
ply a detected space signal to decision circuits 77 
which compares the detected space signal with the 
space threshold level for detecting the presence of a 
space condition. The matched filters 80 and 81 are 
"matched" to low-pass filter 74 to match the transient 
response in each branch circuit 73a, 73b with the 
transient response in circuit branch 73b to assure that 
the signals being compared are substantially in time 
synchronism. 

Rectifier 79 is a half-wave rectifier for passing 
only the upper half of the a.c. type signals. The match- 
ed filters filter out signals which are shorter than one 
millisecond while passing the edge signals. 

The operation of the apparatus shown in Figures 
2 and 4 will now be considered in conjunction with the 
diagrams shown in Figures 7a, 7b and 7c. 

Nozzle 25 (see Figure 1a) emits a jet of com- 
pressed air to generate a distinct sound as the edge 
of a newspaper (Figure 7a) passes through the air jet 
Microphones 27 through 30 are strategically ar- 
ranged to allow the acoustic signal to be detected 
(preferably to the exclusion of ambient noise) and 
processed. 

The nozzle/microphone sensor head 20 detects 
not only the leading edges Lof signatures S (Fig. 7a), 
but detects the trailing edges T of the signatures 
when gaps G appear in the signature stream. Since 
the sound produced by a trailing edge is not radically 
different from the sound produced by a leading edge, 
the detector/counter system is provided with addition- 
al intelligence for differentiating between leading 
(typically "folded") and trailing (typically 'out") edges 
of signatures. 

The technique employed in the system of the 
present invention initially defines three states which 
can exist in the region of nozzle 25. The first stage is 
the "space" state which exists when no paper is pres- 
ent beneath the nozzle. This state produces the 
weakest signal at microphones 27 through 30 since 
no paper is present to reflect compressed air back to- 
7 
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ward the microphones 27 through 30, the pressurized 
jet of air being arranged to avoid striking and thus be- 
ing reflected from either the top belts 11, 12 or the 
bottom belts 15, 16. 

The second state is the "edge" state where the 
edge encountered (either the leading or trailing edge) 
is interrupting the jet of compressed air. This state 
produces the strongest signal at the microphones 27 
through 30. 

The final state is the "paper" state which exists 
when the portion of the signature between its leading 
and trailing edge is passing beneath the nozzle and 
is interrupting the pressurized air stream. 

The counter system of the present invention ex- 
amines the processed signals from the microphones 
27 through 30 and determines the current nozzle 
state ("space", "edge" or "paper"). Knowledge of the 
current state plus the previous history allows the sys- 
tem to properly identify a single signature (space- 
edge- paper-edge-space); multiple overlapping sig- 
natures (space- edge- paper-edge- paper-...); and cer- 
tain types of false triggers (e.g., space-edge-space). 
The intelligence is embodied in the state determining 
circuitry shown in Figure 4. The output of this circuitry 
develops a pulse per valid leading edge which is 
passed, tor example, to a counter 82 (see Figure 4) 
to tally the number of papers. The signal may also be 
employed to activate stacker apparatus, if desired. 

The signals detected by microphones 27 through 
30 undergo amplification by preamplifiers 51 and 52 
(Fig. 2). The signals are mixed at 53 and undergo gain 
control amplification at 54 and are then coupled to 
limiter circuit 55. Limiter 55 further includes filtering 
means to reduce out-of-band noise, providing rolloff 
below 200 Hz and roll off above 27 kHz, in the prefer- 
red embodiment This filtering can be accomplished 
at both the input stage and mixer gain stage as will be 
more fully described in conjunction with the descrip- 
tion of Figures 3a and 3b. 

The output from limiter 55 is applied to spectral 
analyzer 57 which, in the preferred embodiment is an 
eight band 1/2-octave real-time spectral analyzer. 
Each band passes frequencies within its respective 
one-half octave range by filters 58a through 65a and 
thereafter performs a detection operation by way of 
RMS/DC converter 58b through 65b. The signals de- 
veloped by each of the eight bands are summed by 
summing circuit 71 which acts to average the results. 
A form of majority-vote action results, since noise 
present in only one of the bands 58 through 65 is re- 
duced by the averaging operation. 

The output from summer 71 (Figure 4) after vol- 
tage amplification, is applied to low pass fitter 74 
which, in the preferred embodiment, is a 0.1 Hz low- 
pass filter for extracting the level associated with the 
nozzle "paper" condition described hereinabove. The 
thresholds for the "space" and "edge" conditions are 
then set proportional to the average "paper" level, al- 



lowing the processing circuitry of Figure 4 to track the 
actual received signal level. 

Electrical circuit path 73c couples the output of 
the summing circuit 71 to comparator circuit 77 for 

5 comparison with the derived space threshold employ- 
ing suitable comparator means forming part of deci- 
sion circuit 71 as will be described in greater detail 
hereinbelow. If the signal level in circuit path 73 drops 
below the space threshold, the space condition is de- 

10 tected. Matched filter 81 matches the transient re- 
sponse in circuit path 73c with the transient response 
in circuit path 73b. 

The third electrical path 73a is employed to de- 
tect the edge condition. Although circuit path 73a 

15 could employ the same circuitry employed in circuit 
path 73c (i.e. only matched filter 80), improved per- 
formance can be obtained by utilizing the detected 
paper level derived from the output of low pass filter 
74 to provide an offset which is subtracted from the 

20 output of summing circuit 71 by difference circuit 78, 
which step occurs prior to edge detection. The differ- 
ence signal developed at the output of difference cir- 
cuit 78 is rectified at 79 to pass only the upper half of 
the a.c. type signal and than passes through matched 

25 filter 80 which couples the signal to an associated in- 
put of decision circuit 77. rf the signal in circuit path 
73a is greater than the threshold level representing 
an edge condition, an edge state signal is generated. 
To reduce "self noise", i.e. noise created by the 

30 pressurized air passing through nozzle 25 with no sig- 
natures present, the nozzle bore length is adjusted to 
lie within the range from 0.76 to 3.81 cm (0.3 to 1.5 
inches) and prefereably of the order of 2.29 cm (0.9 
inches). The bore diameter is chosen to be within the 

35 range from 0.081 to 0.1 32 cm (0.032 to 0.052 inches) 
and preferably of order of 0.11 cm (0.042 inches) to 
further optimize the reduction in self noise. 

System sensitivity is enhanced by selecting noz- 
zle pressure so that it is not so low as to cause too 

40 small a signal at the microphones and thus have low 
immunity from ambient noise and not so high as to 
generate and undesirable level of self noise. The op- 
timal pressure range is between 17.6 to 31 .6 bar (25 
and 45 psi) and preferably of the order of 21 to 28 bar 

45 (30 to 40 psi). 

The separation distance between the bottom sur- 
face 23k of block 23 and the adjacent (top) surface of 
the signatures is preferably chosen so as not to be too 
small to result in an excessively strong reflection of 

so the air stream off of the signature surface making 
edges difficult to detect On the other hand, a sepa- 
ration distance which is too large results in a corre- 
spondingly weak reflection of the air stream off the 
signature, creating a paper condition similar to the 

55 space condition and further contributing to the diffi- 
culty to detect edges. The optimal sensor to paper 
distance is of the order of 0.76 to 1 .52 cm (0.3 to 0.6 
inches) and is preferably of the order of 1.14 cm (0.45 
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inches). The exit orifice of nozzle 25 is preferably 
flush with surface 23k. The nozzle 25 is retained in 
bore 23c by means of a toroidal-shaped member 25a 
whose upper end engages a flange on nozzle 25 and 
whose lower end threadedly engages the tapped low- 5 
er end of bore 23a 

Figure 5 shows a detailed schematic diagram of 
the post front end processing circuit of Figure 4, sum- 
ming circuit 71 being comprised of matched resistors 
R1 through R8 having their left-hand ends coupled to w 
the output of the respective bands 58 through 65 of 
spectral analyzer 57 and having their right-hand ends 
connected in common to the inverting input of opera- 
tional amplifier 71a. The output of the summer circuit 
70 is coupled to the three branch circuits 73a t 73b and 15 
73c through amplifier stage 72. Low- pass filter 74 is 
comprised of operational amplifier 74a, capacitor C1 
and C2 and resistors R9 and R10. The output of low- 
pass filter 74 is applied to edge threshold generating 
circuit 75 including operational amplifier 75a, resis- 20 
tors R11 and R12 and adjustable resistance R13. A 
portion of the average paper level signal is applied to 
the non-inverting input of operational amplifier 75a 
whose gain is determined by the value of resistors 
R11 and R12 to develop an edge threshold signal. 25 

The space threshold generating circuit 76 com- 
prises operational amplifier 76a and adjustable resis- 
tance R14. 

The decision circuit 77 comprises comparators 
77a and 77b, the inverting inputs of comparator 77a 30 
and 77b being coupled to branch circuits 73a and 73c 
respectively while the non-inverting inputs receive 
the threshold levels from circuit 75 and 76. The out- 
puts of comparators 77a and 77b are coupled in com- 
mon to output terminal 84 through diodes D1 and D2 35 
and resistors R15 and R16 whose right-hand termi- 
nals are connected in common terminal 84 which is 
coupled to +VDC through resistor R23. 

Considering branch circuit 73a, difference circuit 
78 comprises operational amplifier 78a having its in- 40 
verting input coupled to the output of low-pass filter 
74 by resistor R24, and its non-inverting input cou- 
pled to the summing circuit 70. 

Rectifier 79 is comprised of operational amplifier 
79a, diodes D3 and D4, resistors 28 through 31 and 45 
operational amplifier 79b, forming a half-wave recti- 
fier for passing only the upper half of the acoustic sig- 
nals. Matched filter 80 is comprised of operational 
amplifier 80a, resistors R32 and R33 and capacitors 
C3 and C4. so 

The matched filter 81 in branch circuit 73c com- 
prises operational amplifier 81, resistors R34 and 
R35 and capacitors C5 and C6. The matched filters 
are utilized to match the transient response in circuit 
branches 73a and 73c with that in branch 73b as was 55 
previously described. 

Figure 3a shows a schematic diagram of the front 
end electronics in which the preamplifier stages 51 



and 52, employing transistors Q1 and Q2 each of 
which develop an output signal at adjustable potenti- 
ometers P1 and P2 which are applied through opera- 
tional amplifiers 92 and 93 to the mixer circuit 53 in- 
cluding operational amplifier 53a and an adjustable 
gain control circuit comprising feedback resistor/ca- 
pacitor pairs C14, R18 through C11, R15 selectively 
coupled into the feedback circuit through the switch 
arms K1 a through K3a of coils K1 through K3, respec- 
tively. The gain is adjusted by a gain control circuit 
(not shown in fig. 3a for purposes of simplicity) for ad- 
justing the gain in accordance with the level of the sig- 
nal developed by limrter 55. 

The limrter 55 comprises a low-pass fitter section 
and a limrter with peak indication. The low-pass filter 
section eliminates signals at the upper end of the fre- 
quency band and, in one preferred embodiment, has 
a three db down point of the order of 1 6kHz. The lim- 
iter section clips signals greater in magnitude than a 
predetermined voltage level which, in the embodi- 
ment shown is of the order of = 4 volts DC. 

Figure 3b shows on typical detector section such 
as, for example, section 58 shown in Figure 2, all re- 
maining sections being substantially the same in de- 
sign and function with the difference between the 
eight sections being that each band is operated to 
pass a different one-half octave band. The detector 
section 58 is comprised of a band-pass filter of the 
four-pole Chebychev type. The signal from the limiter 
circuit of Figure 3a, appearing at output line VSIG, is 
coupled to the inpus terminal ININIA of a type 
LTC1060CN switch ed-capacitor filter circuit manu- 
factured by Linear Technology. This chip operates as 
a commutating capacitor type filter operating at a fre- 
quency determined by the clock input applied in com- 
mon to chip inputs CKA and CRB coupled to the clock 
input terminal labelled "Clock". The clock input cou- 
pled to the LTC1060CN chip in detector section 59 is 
coupled to one of the outputs of a clock generator 100 
coupled to oscillator 1 01 which, in the preferred em- 
bodiment operates at a frequency of 10MHz. dock 
generator 100 generates signals at its eight outputs 
ft through f 8 at frequencies which, in the preferred em- 
bodiment are chosen to pass an output frequency in 
which detection stage which is a fraction of the clock 
frequency. In one preferred embodiment, the one- 
half octave frequencies are 803Hz; 1.14khz; 1.61 khz 
2.27khz; 3.21khz; 4.56khz; 6.43khz; and 9.10khz, al- 
though other bands may be employed if desired. For 
example, the number of bands may be increased to 
extend the range of 15 KHz or the lower bands may 
be limited and replaced by higher one-half octave 
bands. The clock signal provided at the input of each 
detector when divided by 50, yields the desired out- 
put The signal, after undergoing amplification at 
stage 102 of detector 59 and after a gain calibration 
at potentiometer P3, is applied to an RMS/DC conver- 
ter which may, for example, be a model AD636JH 
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RMS/DC converter for converting the AC signal to a 
DC signal, which converted signal is summed by sum- 
ming circuit 71 shown in Figure 4, for example. As was 
mentioned hereinabove, each detector section is sub- 
stantially similar in design with the difference being 5 
the frequency of the signal applied to the band pass 
filter chip by the clock generator. 

Figure 6 shows another alternative embodiment 
of the present invention wherein like elements as be- 
twen Figures 2 and 7 are designated by like numerals. 10 
In the embodiment of Figure 6, the outputs of the de- 
tectors 58a through 65a in the bands 58 through 65 
are coupled to individual comparators 58c through 
65c which receive threshold signals from adaptive 
threshold control circuit 1 04 to apply the paper input is 
condition to each one of the eight inputs of majority 
(voting) logic circuit 105. The paper state condition is 
applied to the characteristic aquisition circuit 106 to- 
gether with the outputs of each band 58 through 65, 
the state determined by the majority logic circuit 1 05, 20 
together with the output of each detector section, be- 
ing utilized by circuit 106 to adjust the "edge" and 
"space" threshold levels generated by circuit 104, 
which threshold levels are applied to the comparators 
58c through 65c. The paper state is determined by cir- 25 
curt 107 which may for example be similar to the cir- 
cuit 77 shown in Figure 5. The paper state signal is ap- 
plied to an I/O processor 108 which is selectively cou- 
pled to serial and parallel lines 109 and 110, display 
111 and keyboard 112 by interfaces 109a through 30 
112a respectively. 

Since the 0.1 Hz low pass filter employed in the 
post front end processing circuit shown in Figure 5 re- 
quires at least a short interval of time, typically in the 
order of ten seconds or so, to arrive at what may be 35 
considered to be a "steady state" condition, the output 
from the low pass filter 74 may be applied to an A to 
D converter 113 and stored in digital form in a memory 
device 1 14 (Figure 5). This "remembered" paper value 
may be initially utilized during system start-up by se- 40 
lectrvely decoupling the filter 74 from circuits 75, 76 
and 78 and applying the stored digital value to a digital 
to analog converter 115 and applying the output of the 
D to A converter 115 to the threshold generating cir- 
cuits 75 and 76 and to the summing circuit 78 em- 45 
ployed in circuit path 73a. 

In summary the present preferred embodiment of 
the invention heretofore described in detail is exem- 
plified by a signature counter which is employing a jet 
of pressurized air which is directed to one surface of so 
the signature stream. The jet of air strikes the surface 
of the signature, generating signals of varying 
acoustical levels and frequency as a function of the 
profile of the signature passing through the jet of air. 

Preferably, the acoustic signal generated by the 55 
v interaction between the jet of pressurized air and the 
signature stream is detected by a plurality of micro- 
phones which convert the acoustic signal into an elec- 



trical signal whose amplitude and frequency are re- 
lated to the amplitude and frequency of the acoustic 
signal. 

The electrical signals generated by the micro- 
phones are preferably summed, amplified, limited 
and filtered to reduce out-of-band noise. 

The signal is then applied to a multiple band spec- 
tral analyzer, each band preferably having a one-half 
octave bandwidth. 

The outputs of the spectrum analyzer are sum- 
med to essentially average the results. Preferably, 
the summed value is then split into three paths, one 
of which includes a low pass filter for extracting a lev- 
el associated with the "paper" condition, i.e. the con- 
dition which exists when the portion of a signature be- 
tween Its leading and trailing edges moves beneath 
the jet of pressurized air. Thresholds for determining 
the edge and space conditions are derived from the 
"paper" condition and set so as to be proportional to 
the "paper* level. The circuit has the ability to track 
the received acoustic signals. 

The second electrical circuit may include a 
matched filter, which couples the averaged output to 
a comparator for comparison with the space thresh- 
old. If the averaged output drops below the threshold, 
a space condition is detected. The edge condition is 
detected through the use of a third path which applies 
the averaged output through a matched filter to com- 
parator means. The matched filters assure that the 
transient response in the three electrical paths are 
matched to assure proper comparison. 

The microphones utilized for converting the 
acoustical signal to electrical signals are preferably 
arranged as in an array which are diagonally opposite 
the air jet nozzle. The pressurized air may be provided 
by a remotely located air compressor and regulator. 

Trie bore of the air jet nozzle preferably has a 
length which is chosen to reduce "self noise", i.e. the 
noise created by pressurized air passing through the 
nozzle when no papers are present The pressure lev- 
el is selected to reduce the effects of self noise and 
yet to provide a signal having a signal strength suffi- 
cient to provide adequate immunity from ambient 
noise. The separation distance between the nozzle 
and the paper surface is selected to prevent an ex- 
cessively strong reflection of the air stream off the 
paper when located too close to the paper surface 
and to prevent the generation of a correspondingly 
weak signal when the separation is too large, making 
it difficult to differentiate between a "paper" condition 
and a "space" condition. The nozzle may be oriented 
to be diagonally aligned relative to the paper surface 
of the signature to prevent the air stream from being 
reflected from the lower guide belt, in the example, 
and thus being erroneously detected as a "paper" 
condition, and further, for reducing the noise gener- 
ated due to the interaction between the air jet and the 
surface of the signatures. 
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The system may be an "analog" type or may em- 
ploy microprocessor-based control means for per- 
forming some of the functions otherwise performed 
by dedicated hardware through the use of software 
techniques. For example, the "paper" value extracted 
from the low pass filter may be converted from ana- 
logue to digital form and stored in memory for use dur- 
ing initial start-up conditions to eliminate the time re- 
quired for the low pass filter to stablize upon the ini- 
tiation of a paper run. Thus, the initialized conditions 
may be utilized by the system processing circuitry 
during the time required by the "paper" state extrac- 
tion circuit to reach the steady state condition. 

Although the present preferred embodiment of 
the invention is described in detail in connection with 
detecting and counting signatures, it is intended that 
the method and system of the present invention may 
be used for sensing and counting other articles, as 
well. 



3. The apparatus of claim 2, wherein said articles 
are signatures both overlapped and spaced. 

4. The apparatus of claim 2, wherein said sensors 
5 (27...30) are arranged at intervals about an imag- 
inary circle surrounding said air jet (25). 

5. The apparatus of claim 2. wherein the air jet di- 
recting means (25) includes means for providing 

10 air pressure in the range of approximately 2,1 - 
3,5 bar (30 - 50 psi). 

6. The apparatus of claim 5, wherein the air pres- 
sure is of the order of 2,8 bar (40 psi). 

15 

7. The apparatus of claim 2, wherein the air jet di- 
recting means (25) comprises an exit nozzle hav- 
ing a bore coupled to a source of pressurized air 
and having a bore length approximately between 

20 1 and 4.8 cm (0.4 and 1.9 inches). 



Claims 

1 . An apparatus for counting articles conveyed in a 
first direction along a path comprising: 
means (25) for directing an air jet toward the ar- 
ticles in a second direction (26) at an angle to the 
first direction to interact with the individual arti- 
cles in succession; 

sensing means (27,28,29,30) for sensing the in- 
teraction of the air jet with the articles by sensing 
sound waves having varying frequencies and as- 
sociated amplitudes generated by the interacting 
air jet, 

means (57,70) responsive to the varying fre- 
quencies and associated amplitudes of the 
sensed sound waves for generating signals char- 
acterictic of the interaction with the articles, and 
counting means (82) responsive to said generat- 
ed signals for counting the articles; 
characterized in that 

said directing means (25) directs said air jet at an 
oblique angle to the first direction and said means 
(57,70) responsive to the varying frequencies 
and associated amplitudes comprises a spec- 
trum analyzer (57) for selecting a plurality of fre- 
quencies and for generating a signal having an 
amplitude which varies in accordance with the 
amplitude of the selected frequencies. 

2. The apparatus of claim 1 , wherein said sensing 
means (27.. .30) comprises a plurality of sensors 
positioned around said air jet (25), each sensor 
(27...30) generating an output signal having pro- 
determined characteristics which vary in accor- 
dance with a frequency and assoicated ampli- 
tude of the generated sound waves. 



8. The apparatus of claim 7, wherein bore length is 
of the order of 2.3 cm (0.9 inches). 

25 9. The apparatus of claim 7, wherin said bore has a 
diameter in the range from approximately 0.08 - 
0.15 cm (0.03 -0.06 inches). 

10. The apparatus of claim 9, wherein bore diameter 
30 is of the order of 0. 1 1 cm (0.042 inches). 

11. The apparatus of any one of claims 2 to 10, 
wherein said sensors (27... 30) are acousto-eiec- 
tric sensors arranged about said air jet (25) in a 

35 manner to enhance directivity of said sensor 
means (27,...30), each sensor including means 
for generating an electic signal corresponding to 
said sound waves received by the sensor; and 
comprising: 

40 means (53) for summing the generated electric 

signal of said sensors (27,...30) for obtaining a 
first output signal; 

filter means (58,... 65) coupled to said summing 
means (53) for filtering out unwanted frequencies 

45 ' in the first output signals of said summing means; 
a plurality of band pass channels (57) each being 
coupled to said filter means (58, ...65) for passing 
a predetermined frequency band, the frequency 
bands of each channel being different, and 

50 detection means (70) responsive to the frequen- 
cy bands of said channels for generating a first 
detection signal representative of a particular 
characteristic in said sound waves. 

55 12. The apparatus of claim 11, wherein said detec- 
tion means (70) further comprises a second sum- 
ming means (71) for summing the frequeny 
bands of said band pass channels (57) to obtain 
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a second output signal; 

means (75) coupled to said summing means (71) 
for developing a predetermined threshold level, 
and 

first comparator means (77) for comparing said s 
threshold level with the second output signal from 
said second summing means (71) for generating 
said detection signal when the second output sig- 
nal of said second summing men as (71) is of a 
predetermined value relative to said threshold w 
level. 

13. The apparatus of claim 12 t further comprising: 
second threshold generating means (76) coupled 
to said second summing means (71) for generat- 15 
ing a second threshold level for detecting a sec- 
ond characteristic of said profile; 
second comparator means (77) for comparing the 
output of said second summing means (71) with 
said second threshold level for generating a sec- 20 
ond electing signal when the output of said sec- 
ond summing means (71) is of a predetermined 
value relative to said second threshold level. 

14^ The apparatus of claim 13, wherein said second 25 
threshold generating means (76) comprises low- 
pass filter means extracting a level from the out- 
put of said second summing means (71) repre- 
sentative of the second characteristic of said 
sound waves, and means coupled to sai low-pass 30 
filter means for producing said second threshold 
level. 

15. The apparatus of claim 14, further comprising a 
branch path (73c) for coupling the output of said 35 
second summing means (71 ) to said second com- 
parator means (77), said branch path having a 
matched filter (81) for matching a transient re- 
sponse in said branch path (73c) with a transient 
response of said low-pass filter means. ao 

16. The apparatus of claim 15, further comprising a 
second branch path (73a) for coupling the output 
of said second summing means (71) to said sec- 
ond comparator means (77), 45 
said second branch path (73a) including match 
filter means (80) for matching a transient re- 
sponse of said second branch to the transient re- 
sponse of said low-pass filter means. 

50 

17. The apparatus of claim 16, wherein said second 
branc path (73a) further comprises means (78) 
for subtracting an output of said low-pass filter 
means from said second summing means (71). 

55 

18. The apparatus of claims 17, wherein said second 
branch path (73a) further includes half wave rec- 
tifier means (79) for passing only signals of one 



polarity and means for converting said half-wave 
rectifier signals to a d.c. signal. 

19. The apparatus of claim 11, wherein each said 
band pass channel (57) comprises a band pass 
filter (58a,...65a) differing from each adjacent 
band pass filter by one-half octave. 

20. The apparatus of claim 19, wherein said band 
pass filter means (58a,. ..65a) comprises a 
switched capacitor filter means. 

21. The apparatus of claim 11, wherein each band 
pass filter channel (57) comprises filter means 
(58a,...65a) for passing a predetermined fre- 
quency band and means (58b... 65b) for convert- 
ing said frequncey bands of said filter means to 
a d.c. signal. 

22. The apparatus of claim 21, wherein said filter 
means (58a,. ..65a) comprises a four-pole Cheby- 
chev filter. 

23. The apparatus of any one of the foregoing claims, 
wherein said means (57,70) for generating sig- 
nals characteristic of the interaction with the arti- 
cles are monitoring first ("space"), second 
("edge"), and third ("paper) states of said arti- 
cles. 

24. A method for counting articles conveyed in a first 
direction along a path, comprising the steps of: 
directing an air jet towards the articles in a sec- 
ond direction at an angle to the first direction to 
interact with the individual articles in succession, 
sensing the interaction of the air jet with the arti- 
cles by sensing sound waves having varying fre- 
quencies and associated amplitudes which are 
generated by the interacting air jet, generating 
signals characteristic of the interaction with the 
articles in response to the varying frequencies 
and associated amplitudes of the sensed sound 
waves, and 

using said generated signals to count said arti- 
cles; 

characterized in that 

said directing step directs the air jet at an oblique 
angle to the first direction; 
and said generating step comprises 
selecting a plurality of frequencies, correspond- 
ing to frequencies of the sensed interaction, with 
a spectrum analyzer (57) governed by said 
sensed interaction; and 

generating a signal having an amplitude which 
varies in accordance with the amplitude of the se- 
lected frequencies. 

25. The method of claim 24, further including the step 
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of positioning a plurality of sensors (27....30) ad- 
jacent the path at intervals about an imaginary 
circles surrounding said air jet (25). 

26. The method of claim 24 or 25, wherein said gen- 5 
erated signals characteristic of the interaction 
with the articles are summed for counting said ar- 
ticles. 

27. The method of one of claims 24 to 26, wherein 1 o 
said selected frequencies comprise sound waves 
having a frequency above 1000 Hz. 

28. The method of one of claims 24, to 27, wherein 

first ("space"), second ("edge"), and third ("pa- is 
per") states of said articles are monitored. 



Paten tan spruche 

20 

1. Vorrichtung zum Zahlen von Gegenstanden, die 
langs eines Pfades in einer ersten Richtung ge- 
fordert werden, mit 

einer Einrichtung (25) zum Richten eines Luft- 
stroms auf die Gegenstande in einer zweiten 25 
Richtu ng (26) in einem Winkel zu der ersten Rich- 
tung, urn mit den individuellen Gegenstanden in 
Folge zusammenzuwirken; 
einer Sensoreinrichtung (27, 28, 29, 30) zum Er- 
fassen des Zusammenwirkens des Luftstroms 30 
mit den Gegenstanden durch Erfassen von 
Schallwellen, die sich andernde Frequenzen und 
zugeordnete Amplituden haben, die durch den 
zusammenwirkenden Luftstrom erzeugt werden; 
einer Einrichtung (57, 70), die auf die sich in- 35 
dernden Frequenzen und zugeordneten Amplitu- 
den der erfaftten Schallwellen anspricht, um Si- 
gnale zu erzeugen, die kennzeichnend fur das 
Zusammenwirken mit den Gegenstanden sind, 
und 40 
einer Zdhleinrichtung (82), die auf die erzeugten 
Signale anspricht, um die Gegenstande zu zah- 
len, 

dadurch gekennzeichnet, daR 

die Richteinrichtung (25) den Luftstrom in einem 45 
schiefen Winkel zur ersten Richtung richtet und 
die auf die sich andernden Frequenzen und zu- 
geordneten Amplituden ansprechende Einrich- 
tung (57, 70) einen Spektralanalysierer (57) zum 
Auswahlen einer Vlelzahl von Frequenzen und so 
zum Erzeugen eines Signals aufweist, das eine 
sich mit der Amplitude der ausgewahlten Fre- 
quenzen andernde Amplitude hat 

2. Vorrichtung nach Anspruch 1 , wobei die Sensor- 55 
einrichtung (27...30) eine Vlelzahl von Sensoren 
aufweist die um den Luftstrom (25) herum ange- 
ordnet sind, wobei jeder Sensor 27...30) ein Aus- 



. gangssignal erzeugt, das vorbestimmte Eigen- 
schaften hat, die sich nach Mafigabe mit einer 
Frequenz und einer zugeordneten Amplitude der 
erzeugten Schallwellen andern. 

3. Vorrichtung nach Anspruch 2, wobei die Gegen- 
stande sich uberlappende und beabstandete 
Schrif tstucke sind. 

4. Vorrichtung nach Anspruch 2, wobei die Senso- 
ren (27...30) in Intervallen um einen imaginaren 
Kreis angeordnet sind, der den Luftstrom (25) 
umgibt 

5. Vorrichtung nach Anspruch 2, wobei die den Luft- 
strom richtende Einrichtung (25) eine Einrichtung 
zum Erzeugen eines Luftdruckes im Bereich von 
etwa 2,1 bis 3,5 bar (30-50 psi) umfa&t 

6. Vorrichtung nach Anspruch 5, wobei der Luft- 
druck in der Grd&enordnung von 2,8 bar (40 psi) 
ist 

7. Vorrichtung nach Anspruch 2, wobei die den Luft- 
strom richtende Einrichtung (25) eine Austritts- 
duse hat, die eine mit einer Luftdruckqueile ver- 
bundene Bohrung mit einer BohrungslSnge von 
etwa zwischen 1 und 4,8 cm (0,4 und 1,9 Inch) 
hat 

8. Vorrichtung nach Anspruch 7, wobei die Boh- 
rungslange in der Grdfienordnung von 2,3 cm 
(0,9 Inch) ist 

9. Vorrichtung nach Anspruch 7, wobei die Bohrung 
einen Durch messer im Bereich von etwa 0,08 bis 
0,15 cm (0,03 bis 0,06 Inch) hat 

10. Vorrichtung nach Anspruch 9, wobei der Boh- 
rungsdurchmesser in der Grdfienordnung von 
0,11 cm (0,042 Inch) ist 

11. Vorrichtung nach einem der Anspruche 2 bis 10, 
wobei die Sensoren (27...30) elektroakustische 
Sensoren sind, die um den Luftstrom (25) in einer 
Weise angeordnet sind, um die Richtwirkung der 
Sensoreinrichtung (27....30) zu verbessern, wo- 
bei jeder Sensor eine Einrichtung zum Erzeugen 
eines elektrischen Signals unrrfa&t, das den von 
dem Sensor empfangenen Schallwellen ent- 
spricht, und aufweist 

eine Einrichtung (53) zum Summieren des er- 
zeugten elektrischen Signals der Sensoren 
(27,...30) zum Erhalten eines ersten Ausgangssi- 
gnals; 

eine Filtereinrichtung (58...6S), die mit der Sum- 
miereinrichtung (53) zum Ausf iltern unerwunsch- 
ter Frequenzen in den ersten Ausgangssignalen 
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der Summiereinrichtung verbunden 1st; 
eine Vietzahl von BandpaBkanalen (57), die je- 
weils mit der Rltereinrichtung (58, ...65) zum Pas- 
si eren eines vorbestimmten Frequenzbandes 
verbunden sind, wobei die Frequenzbander eines 5 
jeden Kanals unterschiedlich sind, und 
eine Erfassungseinrichtung (70), die auf die Fre- 
quenzbander der Kanale anspricht um ein erstes 
Ertassungssignal zu erzeugen, das eine be- 
st i mm te Eigenschaf t in den Schaltwellen angibt 10 

12. Vonichtung nach Anspruch 11, wobei die Erfas- 
sungseinrichtung (70) auBerdem eine zwerte 
Summiereinrichtung (71) zum Summieren der 
Frequenzbander der BandpaBkanaJe (57) auf- 15 
weist, um ein zweites Ausgangssignal zu erhal- 

ten; 

eine mit der Summiereinrichtung (71) verbunde- 
ne Einrichtung (75) zum Erzeugen eines vorbe- 
stimmten Schwellenpegels und eine erste Ver- 20 
gleichereinrichtung (77) zum Vergleichen des 
Schwellenpegels mit dem zweiten Ausgangssi- 
gnal von der zweiten Summiereinrichtung (71) 
zum Erzeugen des Erfassungssignals, wenn das 
zweite Ausgangssignal der zweiten Summierein- 25 
richtung (71) einen bezuglich des Schwellenpe- 
gels vorbestimmten Wert hat 

13. Vonichtung nach Anspruch 12, die auBerdem 
aufweist 30 
eine mit der zweiten Summiereinrichtung (71) 
verbundene. zweite Schweilenpegel-Erzeu- 
gungseinrichtung (76) zum Erzeugen eines zwei- 
ten Schwellenpegels zum Erfassen einer zweiten 
Eigenschaf t der Schalrwellen; 35 
eine zweite Vergleicherein richtung (77) zum Ver- 
gleichen des Ausgangssignals der zweiten Sum- 
miereinrichtung (71) mit dem zweiten Schwellen- 
pegel zum Erzeugen eines zweiten Erfassungs- 
signals, wenn das Ausgangssignal der zweiten 40 
Summiereinrichtung (71) bezuglich des zweiten 
Schwellenpegels einen bestimmten Wert hat 

14. Vonichtung nach Anspruch 13, wobei die zweite 
Schwellenpegel-Erzeugungseinrichtung (76) ein 45 
TlefpaBf ilter aufweist, das einen Pegel des Aus- 
gangssignals der zweiten Summiereinrichtung 

(71) extrahiert, der die zweite Eigenschaft der 
Schallwellen angibt sowie eine mit dem HefpaB- 
filter verbundene Einrichtung zum Erzeugen des 50 
zweiten Schwellenpegels aufweist 

15. Vonichtung nach Anspruch 14, die auBerdem ei- 
nen Zweigpfad (73c) zum Koppeln des Aus- 
gangssignals der zweiten Summiereinrichtung 55 
(71) auf die zweite Vergleichereinrichtung (77) 
aufweist wobei dieser Zweigpfad ein Anpas- 
sungsf irter (81) zum An passe n eines Ubergangs- 



ansprechens in dem Zweigpfad (73c) an ein 
Obergangsansprechen des TiefpaBfilters hat 

16. Vonichtung nach Anspruch 15, die auBerdem ei- 
nen zweiten Zweigpfad (73a) zum Koppeln des 
Ausgangssignals der zweiten Summiereinrich- 
tung (71) auf die zweite Vergleichereinrichtung 
(77) aufweist 

wobei der zwerte Zweigpfad (73a) ein An pas- 
sungsf ilter (80) zum Anpassen eines Ubergangs- 
ansprechens des zweiten Zweigpfades auf das 
Obergangsansprechen des TiefpaBfilters um- 
faBt 

17. Vonichtung nach Anspruch 16, wobei der zweite 
Zweigpfad (73a) auBerdem eine Einrichtung (78) 
zum Subtrahieren eines Ausgangssignals des 
TiefpaBfilters von der zweiten Summiereinrich- 
tung (71) aufweist 

18. Vonichtung nach Anspruch 17, wobei der zwerte 
Zweigpfad (73a) auBerdem einen HalbweJIen- 
gleichrichter (79) zum Hindurchlassen von Signa- 
len nur einer Pdaritat und eine Einrichtung zum 
Umformen des gleichgerichteten Halbwellensi- 
gnals in ein Gleichstromsignal aufweist 

19. Vonichtung nach Anspruch 11, wobei der Band- 
paBkanal (57) ein BandpaBf ilter (58a,... 65a) auf- 
weist das sich von jedem benachbarten Band- 
paBf ilter um eine halbe Oktave unterscheidet 

20. Vonichtung nach Anspruch 19, wobei das Band- 
paBf ilter (58a,. . .65a) eine geschaltete Kondensa- 
torf iltereinrichtung aufweist 

21. Vonichtung nach Anspruch 11, wobeijederBand- 
paBfilterkanal (57) eine Filtereinrichtung (58a, 
...65a) zum Hindurchlassen eines vorbestimmten 
Frequenzbandes und eine Einrichtung 
(58b.. .65b) zum Umformen der Frequenzbander 
der Filtereinrichtung in ein Gleichspannungssi- 
gnal aufweist 

22. Vonichtung nach Anspruch 21 , wobei die Rlterein- 
richtung (58a,.. .65a) ein vierpoliges Chebychev- 
Filter aufweist 

23. Vonichtung nach einem der vorhergehenden An- 
spruche, wobei die Einrichtung (57, 70) zum Er- 
zeugen von Signalen, die kennzeichnend fur das 
Zusammenwirken mit den Gegenstanden sind, 
erste CAbstand"), zwerte ("Kante"), und dritte 
(Papier 11 ) Zustande der Gegenstande beobach- 
tet 

24. Verfahren zum Zahlen von in einer ersten Rich- 
tung langs eines Pfades geforderten Gegenstan- 
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den mit den Schritten: 

Richten eines Luftstroms auf die Gegenstande in 
einer zwerten Richtung in einem Winkel zuderer- 
sten Richtung, urn mit den indivtdueUen Gegen- 
standen in Fdge zusammenzuwirken, 
Erfassen des Zusammenwirkens des Luftstroms 
mft den Gegenstanden durch Erfassen von 
SchaJIwellen, die sich andernde Frequenzen und 
zugeordnete Ampiituden haben, die durch den 
zusammenwirkenden Luf tstrom erzeugt werden, 
Erzeugen von SignaJen, die kennzeichnend fur 
das Zusammenwirken mit den Gegenstanden 
sind, im Ansprechen auf die sich andernden Fre- 
quenzen und zugeordneten Ampiituden der er- 
faftten SchaDwellen und 

Benutzen der erzeugten SignaJe zum Zahlen der 
Gegenstande; 

dadurch gekennzeichnet, daB 

der Luf tstrom in einem schiefen Winkel zu der er- 
sten Richtung gerichtet wird; 
beim Erzeugen der SignaJe eine Vielzahl von Fre- 
quenzen ausgewahlt wird, die den Frequenzen 
des erfaftten Zusammenwirkens entsprechen, 
mit einem Spektrumanalysierer (57), der durch 
das erfa&te Zusammenwirken beaufschlagt wird, 
und 

Erzeugen eines Signals mit einer Amplitude, die 
sich nach MaBgabe der Amplitude der ausge- 
wahlten Frequenzen andert 

25. Verfahren nach Anspruch 24, das auBerdem den 
Schritt des Anordnens einer Vielzahl von Senso- 
ren (27....30) neben dem Pfad in Intervallen urn 
einen imaginaren Kreis, der den Luf tstrom (25) 
umgibt, umfaBt 

26. Verfahren nach Anspruch 24 oder 25, wobei die 
erzeugten SignaJe, die kennzeichnend fur das 
Zusammenwirken mit den Gegenstanden sind, 
zum Zahlen der Gegenstande summiert werden. 

27. Verfahren nach einem der Anspruche 24 bis 26, 
wobei die ausgewahlten Frequenzen SchaHwel- 
len aufweisen, die eine Frequenz oberhalb von 
1000 Hz haben. 

28. Verfahren nach einem der Anspruche 24 bis 27, 
wobei erste (Abstand"), zweite ("Kante"), und 
dritte (Papier") Zustande der Gegenstande beob- 
achtet werden. 



Revendications 

1 . Appareil pour com ptage d'articles convoyes dans 
une premiere direction le long d'un chemin 
comprenant 

un moyen (25) pour dinger un jet d'air vers les ar- 



ticles dans une seconde direction (26), selon un 
angle tel avec la premiere direction, qu'il intera- 
gisse avec les articles individuels en succession; 
des moyens de detection (27, 28, 29, 30) pour de- 

5 teeter [Interaction du jet d'air avec les articles en 

detectant les ondes sonores ayant des frequen- 
ces variables et des amplitudes associees gene* 
rees par le jet d'air qui interagft, 
un moyen (57, 70) sensible aux frequences varia- 

10 bles et amplitudes associees des ondes sonores 
detectees, pour generer des signaux caracteris- 
tiques de I'interaction avec les articles, et 
un moyen de comptage (82) sensible auxdrts si- 
gnaux generes pour compter les articles; 

15 caracterise en ce que 

ledit moyen de direction (25) dirige ledit jet d'air 
selon un angle oblique par rapport a la premiere 
direction, et ledit moyen (57, 70) sensible aux fre- 
quences variables et amplitudes associees 

20 comprend un anaJyseur de spectre (57), pour se- 

lectbnner plusteurs frequences et pour generer 
un signal ayant une amplitude qui yarie selon 
Pamplrtude des frequences selection nees. 

25 2. Appareil selon la revendication 1 , dans lequel les- 
dits moyen de detection (27... 30) comprennent 
plusieurs detecteurs places autour dudit jet d'air 
(25), chaque detecteur (27...30) generant un si- 
gnal de sortie ayant des caracteristiques prede- 

30 ' terminees qui varient selon une frequence et une 
amplitude associee des ondes sonores gene- 
rees. 

3. Appareil selon la revendication 2, dans lequel les- 
35 dtts articles sont des cahiers qui se chevauchent 

et qui sont espacees. 

4. Appareil selon la revendication 2, dans lequel les- 
dits detecteurs (27...30) sont amenages en inter- 

40 valles autour d'un cercle imaginaire entourant le- 

dit jet d'air (25). 

5. Appareil selon la revendication 2, dans lequel le 
moyen dirigeant le jet d'air (25) comporte un 

45 moyen pour fournir une pression d'air dans une 

plage de 2,1 - 3,5 bas (30 - 50 psi) environ. 

6. Appareil selon la revendication 5, dans lequel la 
pression d'air est de I'ordre de 2,8 bar (40 psi). 

50 

7. Appareil selon la revendication 2, dans lequel le 
moyen dirigeant le jet d'air (25) comporte une 
buse de sortie ayant un alesage couple a une 
source d'air sous pression, et ayant une longueur 

55 d'alesage comprise entre 1 et 4,8 cm (0,4 et 1 ,9 

pouces) environ. 

8. Appareil selon la revendication 7, dans lequel la 
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longueur de I'alesage est de I'ordre de 2,3 cm (0,9 
pouce). 

9. Appareil selon la revendication 7, dans lequel le- 
dit alesage a un diametre situe dans la plage de 
0,08 - 0,15 cm (0,03 - 0,06 pouce) environ. 

10. Appareil selon la revendication 9, dans lequel le 
diametre de I'alesage est de I'ordre de 0,11 cm 
(0,042 pouces). 



audit second moyen de sommation (71), pour ge- 
nerer un second niveau de seuil, pour detecter 
une seconde caracteristique dudit prof il; 
un second moyen comparateur (77), pour compa- 

5 rer la sortie dudit second moyen de sommation 

(71) audit second niveau de seuil, pour generer 
un second signal de detection, lorsque la sortie 
dudit second moyen de sommation (71) est oTune 
valeur predetermine par rapport audit second ni- 

10 veau de seuil. 



11. Appareil selon Tune quetconque des revendica- 
tions 2 a 10, dans lequel lesdits detecteurs 
(27...30) sont des detecteurs acousto-eJectri- 
ques amenages autour dudit jet d'air (25) de ma- is 
niere a renforcer la directivite dudit moyen detec- 

teur (27... 30), chaque detecteur comportant un 
moyen pour generer un signal elect rique corres- 
pondant auxdites ondes sonores re cues par le 
detecteur; et comprenant 20 
un moyen (53) pour sommer les signaux electri- 
ques generes par lesdits detecteurs (27...30), 
pour obtenir un premier signal de sortie; 
des moyens de filtres (58.. .65) couples audit 
moyen sommateur (53), pour f iltrer les f requen- 25 
ces non-desirees dans les premiers signaux de 
sortie dudit moyen de sommation; 
plusieurs canaux passe bande (57) couples cha- 
cun auxdits moyens de filtres (58.. .65), pour lais- 
ser passer une bande de frequences predetermi- 30 
nee, les bandes de frequences de chaque canal 
etant differentes, et 

un moyen de detection (70) sensible aux bandes 
de frequences desdits canaux, pour generer un 
premier signal de detection representant une ca- 35 
racteristique particuliere desdites ondes sono- 
res. 

12. Appareil selon la revendication 11 , dans lequel le- 

dit moyen de detection (70) comprend en outre 40 
un second moyen sommateur (71), pour sommer 
les bandes de frequences desdits canaux passe 
bande (57), af in d'obtenir un second signal de 
sortie; 

un moyen (75) couple audit moyen de sommation 45 
(71), pour fournir un niveau de seuil predetermi- 
ne, et 

un premier moyen comparateur (77), pour 
comparer ledrt niveau de seuil au second signal 
de sortie provenant dudit second moyen de som- so 
mation (71), pour generer ledit signal de detec- 
tion lorsque le second signal de sortie dudit se- 
cond moyen de sommation (71) est d'une valeur 
predetermine par rapport audit niveau de seuil. 

55 

13. Appareil selon la revendication 12, comprenant 
en outre 

un second moyen generateur de seuil (76) couple 



14. Appareil selon la revendication 13, dans lequel 
ledit second moyen generateur de niveau de seuil 
(76) comprend un moyen de filtre passe bas qui 
extrait un niveau de la sortie dudit second moyen 
de sommation (71) representant la seconde ca- 
racteristique desdites ondes sonores, et un 
moyen couple audit moyen de filtre passe bas 
pour produire ledit second niveau de seuil. 

15. Appareil selon la revendication 14, comprenant 
en outre un chemin de branche (73c) pour cou- 
pler la sortie dudit second moyen de sommation 
(71) audit second moyen comparateur (77), ledit 
chemin de branche comportant un filtre adapte 
(81), pour adapter une reponse transitoire dans 
ledit chemin de branche (73c) a une reponse 
transitoire dudit moyen de filtre passe bas. 

16. Appareil selon la revendication 15, comprenant 
en outre un second chemin de branche (73a), 
pour coupler la sortie dudit second moyen de 
sommation (71) audit second moyen compara- 
teur (77), 

ledit second chemin de branche (73a) compor- 
tant un moyen de filtre adapte (80), pour adapter 
une reponse transitoire de ladite seconde bran- 
che a la reponse transitoire dudit moyen de filtre 
passe bas. 

17. Appareil selon la revendication 16, dans lequel 
ledit second chemin de branche (73a) comprend 
en outre un moyen (78) pour soustraire la sortie 
dudit moyen de filtre passe bas dudit second 
moyen de sommation (71). 

18. Appareil selon la revendication 17, dans lequel 
ledit second chemin de branche (73a) comporte 
en outre un moyen de redresseur simple alter- 
nance (79), pour ne laisser passer que les si- 
gnaux d'une pert ante, et un moyen pour convertir 
lesdits signaux du redresseur simple alternance 
en un signal continu. 

19. Appareil selon la revendication 11, dans lequel 
chaque dit canal de filtre passe bas (57) 
comprend un filtre passe bande (58a. .65a) dif- 
ferent de chaque filtre passe bande adjacent 
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d'une demt-octave. 

20. Appareil selon la revendication 19, dans lequel 
lesdits moyen de fittres passe bande (58a...65a) 
oomprennent un moyen de filtre a capatites 5 
commutees. 

21. Appareil selon la revendication 11, dans lequel 
chaque canal de filtre passe bande (57) 
comprend un moyen de filtre (58a.. .65a) pour 10 
laisser passer une bande de frequences prede- 
terrninee, etdes moyen s (58b... 65b) pour conver- 
ts lesdites bandes de frequences audit moyen de 
filtre en un signal continu. 

15 

22. Appareil selon la revendication 21. dans lequel 
lesdits moyens de filtre (58a.. .65a) comprennent 
un filtre de Chebychev a quatre poles. 

23. Appareil selon Tune queloonque des revendica- 20 
tions precedentes, dans lequel lesdits moyens 
(57,70) pour generer des signaux caracteristh 
ques de I'interaction avec les articles, surveillent 

le premier ("espace"), le deuxieme ("bord"), et le 
troisieme ("papier") etats desdits articles. 25 

24. Precede pour comptage d' art ides convoy es 
dans une premiere direction le long d'un chemin 
comprenant les etapes de: 

direction d'un jet d'air vers les articles dans une 30 
seconde direction selon un angle tel avec la pre- 
miere direction qu'il interagisse avec les articles 
individuels en succession, 
detection de ('interaction du jet d'air avec les ar- 
ticles, en detectant les ondes sonores ayant des 35 
frequences variables et des amplitudes asso- 
ciees generees par le jet d'air qui interagit, 
generation de signaux caracteristiques de I'inte- 
raction avec les articles, en reponse aux frequen- 
ces variables et amplitudes associees des ondes 40 
sonores detectees, et 

utilisation desdits signaux generes pour compter 
lesdits articles; 
caracterise en ce que: 

ladite etape de direction dirige le jet d'air selon un 45 
angle oblique par rapport a la premiere direction; 
et ladite etape de generation comprend la selec- 
tion de plusieurs frequences correspondant aux 
frequences de rinteraction detectee, avec un 
analyseur de spectre (57) en fonction de ladite in- 50 
teractton detectee; et 

generation d'un signal ayant une amplitude qui 
varie selon I'amplitude des frequences selection- 
nees. 

55 

25. Procede selon la revendication 24, comportant 
en outre I'etape de placement de plusieurs detec- 
teurs (27...30) adjacents au chemin en interval- 



les srtues autour de cerdes imaginaires errtou- 
rant ledit jet d'air (25). 

26. Procede selon la revendication 24 ou 25, dans le- 
quel lesdits signaux generes caracteristiques de 
I'interaction avec les articles sont additionnes 
pour compter lesdits articles. 

27. Procede selon Tune des revendications 24 a 26, 
dans lequel lesdites frequences selectionnees 
comprennent des ondes sonores ayant une fre- 
quence superieure a 1000 Hz. 

2& Procede selon I'une des revendications 24 a 27, 
dans lequel lesdits premier ("espace"), deuxieme 
("bord"), et trotsieme ("papier") etats desdits ar- 
ticles sont surveilles. 
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